Mutational analysis of baculovirus phosphatase identifies structural residues important for triphosphatase activity in vitro and in vivo.
Baculovirus phosphatase (BVP) and mammalian capping enzyme (Mce1) are members of the RNA triphosphatase branch of the cysteine phosphatase superfamily. Although RNA triphosphatases have a core alpha/beta fold similar to other cysteine phosphatases, there is little conservation of primary structure outside of the cysteine-containing P-loop motif, HCxxxxxR(S/T), that comprises the active site. However, there is extensive primary structure conservation between members of the RNA triphosphatase branch, whether from cellular or viral sources and whether they are bifunctional capping enzymes such as Mce1 or monofunctional RNA phosphatases such as BVP. To evaluate the functional significance of such sequence conservation, we performed a mutational analysis of 14 residues of BVP. We identified three side chains (Trp6, Lys25, and Arg153) as essential for triphosphatase activity in vitro, i.e., W6A, K25A, and R153A were <0.1% as active as wild-type BVP, and were unable to complement a yeast RNA triphosphatase null mutant in vivo. Six other BVP residues (Thr62, Tyr67, Tyr68, Lys82, Glu158, and Arg159) were deemed functionally important, i.e., Ala mutations reduced triphosphatase activity to <20% of wild-type. On the basis of the locations of the equivalent amino acids in the Mce1 crystal structure, we surmise that the essential/important BVP residues ensure proper conformation of the catalytic P-loop (e.g., Arg153 and Tyr68) or other elements of the tertiary structure. Our results highlight a conserved Trp6-Lys25 pi-cation pair essential for BVP function.